Objective. Assess impact of reconstructive procedures on patients undergoing laryngopharyngectomy and to determine whether 30-day postoperative morbidity and mortality varied between patients who underwent flap reconstruction and those who did not.
Introduction
For the laryngopharyngeal defect following ablation of advanced cancer, surgeons are faced with the challenge of minimizing morbidity and mortality in a high-risk population while attempting to achieve adequate functional results. 1 Laryngopharyngeal reconstruction using flaps was adopted for the purpose of restoring continuity to the upper aerodigestive tract, protection of major blood vessels, aiding in primary wound healing, and achieving superior swallowing and speech functions. 2 Reconstruction after laryngectomy reflects a change in the paradigm of laryngeal cancer treatment. In the past, radical surgery in the form of total laryngectomy was the mainstay of treatment. In such cases flap reconstruction was used to reinforce pharyngeal closure in an attempt to reduce the incidence of post-laryngectomy pharyngocutaneous fistula formation. [3] [4] [5] As the understanding of tumor spread patterns and the individual anatomic compartments of the larynx expanded, and with growing concerns over the preservation of laryngeal function (especially the voice), partial laryngectomy was adopted by surgeons. 6 Furthermore, the development of reconstructive techniques to support laryngeal function contributed to this more conservative approach. [7] [8] [9] Organ preservation protocols (radiotherapy and systemic cytostatic chemotherapy without the actual removal of the larynx itself) were brought about as an alternative mode of treatment. Although these protocols have yielded outcomes comparable to surgery in early stage cases, total laryngectomy and laryngopharyngectomy are still performed as salvage treatment for these patients. Since high rates of wound complications are associated with the damaging effects of prior chemoradiation, current literature recommends the management of these defects with vascularized flaps. 4, 10 Following ablation of advanced/recurrent laryngeal and pharyngeal cancer, pharyngeal defects of various sizes are formed with or without concurrent laryngeal defects. If healthy mucosa is insufficient for primary closure, a flap is used in the form of a ''patch'' to prevent pharyngeal stricture. For circumferential defects, enteric free flaps and local myocutaneous flaps or free flaps using tubing methods can also be incorporated. 11 There have been prior reports indicating that flap reconstruction offers superior functional results and lower wound complication rates. 4, 12 However, there is scarce data available on the impact of reconstructive procedures on morbidity and mortality after aerodigestive tract resection and none, to our knowledge, comparing outcomes with patients who do not undergo flap reconstruction procedures. In this study we aimed to evaluate the morbidity and mortality of patients undergoing laryngectomy and/or pharyngectomy with and without flap reconstruction in the 30-day postoperative period using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database. We anticipate that this knowledge may be valuable when advising and obtaining consent from patients and also in the surgical decision-making process.
Methods

Patient Identification
We performed a retrospective analysis using the ACS-NSQIP databases for the years 2005 to 2011. The ACS-NSQIP is a well-validated, observational cohort study of patients undergoing noncardiac procedures under general, spinal, or epidural anesthesia in over 400 medical centers nationwide. It is representative of participating hospitals in 43 of the 50 states. The states that are currently not participating include: Vermont, Arkansas, Mississippi, North Dakota, Wyoming, Nevada, and New Mexico. Furthermore, data collection has expanded internationally to include hospitals in Canada, Lebanon, United Kingdom (UK), Saudi Arabia, and United Arab Emirates (UAE). 13, 14 ACS-NSQIP tracks patients for 30 days after their operation, providing a more comprehensive picture of their care. 15 Patients were identified using Current Procedural Terminology (CPT) codes for laryngectomy (CPT codes: 31360, 31365, 31367,  31368, 31370, 31375, 31380, 31382) , pharyngectomy (48290, 48292, 48294) , and pharyngolaryngectomy (31390, 31395) as a part of treatment for carcinoma of the larynx and/or pharynx. These patients were then divided into 2 groups: the first group containing patients who underwent concurrent flap reconstruction and the second group with patients who did not undergo flap reconstruction. Reconstructive procedures were coded either as a primary procedure (CPT codes: 31365, 48292, 43123, 43108, 43113, 43116) or as a concurrent procedure (15732, 15734, 15736, 15738, 15756, 15757, 15758, 43496) ( Table 1) . A summary of the patient selection process can be found in Figure 1 . This study has been approved in agreement with the Declaration of Helsinki ethical guidelines for human subjects. The patient information in this study is de-identified and available to all institutions complying with the ACS-NSQIP Data Use Agreement.
Preoperative Variables
We collected data on demographics, preoperative physical status, medical comorbidity, preoperative laboratory results, and concurrent neck dissection. The Deyo variant of the Charlson comorbidity index was the most suitable classification system for our study. 16 The Charlson score includes 19 variables; however, not all of these are available to us in the NSQIP data set. As such we only included those that were present, including: diabetes mellitus, hypertension, chronic obstructive pulmonary disease, myocardial infarction/angina/congestive heart failure, transient ischemic attack/cerebrovascular disease, bleeding disorder, peripheral vascular disease, percutaneous cardiac intervention/cardiac surgery, and systemic sepsis.
Outcome Variables
Our outcome variables were characterized as wound complications, minor/major morbidity, and mortality. Other outcomes of interest included total operation time and return to the operating room within 30 days of admission. The NSQIP employs CDC definitions for wound infections. 17 As such, wound complications were defined by presence of at least 1 of the following wound-related variables in the NSQIP registry: superficial surgical site infection (SSI) (above fascia), deep incisional SSI (at or below fascia), organ/space SSI, and wound dehiscence (complete or partial). These individual wound complication variables were also accessed separately. Major morbidity was defined by presence of at least 1 of the following ACS/NSQIP postoperative complications: pulmonary embolism, being on a ventilator for more than 48 hours, progressive renal insufficiency, cerebrovascular accident with neurological deficit, cardiac arrest requiring cardiopulmonary resuscitation (CPR), myocardial infarction, blood transfusion within 72 hours, sepsis, and septic shock. Minor morbidity included pneumonia, unplanned intubation, urinary tract infection, peripheral nerve injury, and deep vein thrombosis (DVT). Mortality was defined by death within 30 days of admission. A comparison of complication rates was also done for patients undergoing free flap versus pedicled flap reconstruction.
Statistical Analysis
We performed bivariate analyses to compare preoperative variables (demographics, preoperative physical status, medical comorbidities, and preoperative laboratory results) and postoperative outcomes between the flap reconstruction group and the non-reconstruction group. T-tests were used for continuous variables and chi-square tests were used for categorical variables. Chi-square tests for homogeneity and for trend were used for ordinal variables. To account for potential confounding factors, we performed logistic regression analysis to calculate odds ratio. To create a valid regression model, F-test was used to select significant variables. Missing values were excluded from analysis. All statistical analyses were performed using SPSS software version 20.0 (SPSS Inc, Chicago, Illinois) and the significance was set at P \ .05.
Results
Comparison of Preoperative Variables
We identified 676 patients who underwent laryngectomy, pharyngectomy, or laryngopharyngectomy between 2005 and 2011 ( Table 2) . 213 patients underwent concurrent flap reconstruction and 463 patients did not. In both groups there were more male patients than female patients (73.7% in the reconstruction group vs 79.3% in the non-reconstruction group, P = .108). The mean ages of the reconstruction group and non-reconstruction were 62.20 6 11.23 years and 62.03 6 11.98 years, respectively (P = .862). There was no statistically significant difference in race between the 2 groups (P = .131). Analysis of preoperative physical status variables showed a significant difference in dyspnea (P = .023), open/infected wounds (P = .036), and chemotherapy (P = .001) between the 2 cohorts. Medical comorbidities, comorbidity score, preoperative laboratory results, and concurrent neck dissection were identical. A comparison of preoperative variables is summarized in Table S1 (available at www.otojournal.org).
Comparison of Complications
Bivariate analysis suggests that the likelihood of patients experiencing wound complications was higher in the flap reconstruction group compared to the non-reconstruction group (18.3% vs 8.6%, P = .001). With respect to individual complications, the rate of superficial SSI (7.5% vs 5.2%, P = .233) and deep incisional SSI (3.8% vs 1.7%, P = .107) were similar in both groups, and wound disruption (5.6% vs 2.2%, P = .018) and organ/space SSI (2.3% vs 0.4% P = .022) were significantly higher in reconstruction group. There was no statistically significant difference in minor morbidity (P = .597) between the 2 groups. On the other hand, major morbidity and mortality rates were significantly higher in the reconstruction group compared to the nonreconstruction group (P = .001 and P = .008, respectively) during this initial analysis. In addition, operative time was significantly longer in the flap reconstruction group compared to the non-reconstruction group (8.09 6 3.36 hours vs 5.63 6 3.47 hours, P = .001). Moreover, returning to the operating room was more frequent in the reconstruction group (17.8% vs 10.6%, P = .009). Patient complications are displayed in Table 3 . Wound complication rate and major morbidity were higher in patients who underwent pedicled flap than free flap (29.1% vs 14.2%, P = .006; 35.2% vs 64.7%, P = .002). However, total operative time was shorter in the pedicled flap group (6.41 6 3.14 hours vs 8.62 6 3.56, P = .001) ( Table 4 ). Concurrent neck dissection was performed in 49.3% of cases in the flap reconstruction group and 55.5% of cases in the non-flap reconstruction group (P = .132). This variable did not have a statistically significant impact on the complication rate in either group and therefore was not included in the logistic regression model. F-test revealed that age (P = .077), weight loss (P = .009), functional status (P = .037), dyspnea (P = .173), open/infected wound (P = .071), chemotherapy (P = .002), high ASA classification (P = .001), hypertension (P = .042), COPD (P = .138), CHF/MI/Angina (P = .065), TIA/CVA (P = .113), PCI (Previous Cardiac Intervention)/ cardiac surgery (P = .002), low albumin (P = .016), and elevated WBC count (P = .144) served as potential confounding factors for overall complications in both groups. While adjusting for these variables, we used a logistic regression model to evaluate the association between reconstructive procedures and postoperative complications. After risk adjustment, flap reconstruction procedures were found to be independently associated with only increased major morbidity (OR = 5.906, 95% CI, 3.131-11.139, P = .001). Notably, this finding was not the case with wound complications, minor morbidity, and mortality (P = .066, P = .914, and P = .078, respectively) ( Table 5 ).
Discussion
Flap reconstruction is generally performed following major laryngeal and/or pharyngeal resection for restoration of the upper aerodigestive tract. When resection of over one-third of the pharyngeal wall is required, a pedicled flap or free flap is used to prevent postoperative stricture formation. 18, 19 For circumferential pharyngeal defects, reconstruction is attained using either free jejunal transfer or a tubed radial forearm flap. 20 When the circumferential pharyngeal defect extends to include the cervical and thoracic esophagus, then gastric pullup is the optimal choice of reconstruction. 19 With growing concerns over safeguarding laryngeal function, organ preservation protocol and partial laryngectomy have become popular options when treating laryngeal cancer. 6 Numerous flaps have been described for laryngopharyngeal defects following partial laryngectomy; these flap options include: free radial forearm flap including a vascularized tendon of the palmaris longus, 21 temporoparietal free flap with cartilage graft and buccal mucosal graft, and combined hyoid bone and thyrohyoid membrane flap. 9 In the event of treatment failure of the organ preservation protocol, total laryngectomy and total pharyngolaryngectomy are performed as standard salvage procedures. 6 In this scenario reconstructive flaps are used not only for restoring continuity of the upper aerodigestive tract but also to prevent postoperative wound complications specifically related to wound healing that occur as a consequence of chemoradiotherapy. Several reconstructive methods have been implemented to improve functional outcomes and reduce wound complications. Flap reconstruction of laryngopharyngeal defects offers superior speech and swallowing outcomes. 22, 23 In addition, flap reconstruction has the added benefit of reducing the incidence of postoperative pharyngocutaneous fistula formation and stricture. [24] [25] [26] Despite these advantages, previous studies have not shown favorable results with regard to the impact of flap reconstruction on morbidity and mortality outcomes. 1, 19 Although these studies are limited by being single institutionally based and having a small sample size, they are corroborated by our analysis of the NSQIP data, which showed increased odds of developing major morbidity in the reconstruction group compared to the non-flap reconstruction group. Morbidity and mortality following laryngopharyngeal reconstruction were assessed by Clark et al 1 and van der Putten et al 19 whose patient populations were 153 and 136, respectively. Clark et al reported that among 153 patients undergoing flap reconstruction over a period of 10 years, 71% experienced postoperative morbidities and 3% died of procedure-related complications. 1 Van der Putten et al found that surgical and medical complications following flap reconstruction for hypopharyngeal cancer were seen in 29% and 8% of patients, respectively. 19 These studies were based on single institution data and did not offer a comparison with a non-reconstruction group. The ACS-NSQIP database offers a large-scale, multiinstitutional data set that can effectively evaluate 30-day postoperative morbidity associated with flap reconstruction for laryngopharyngeal defects. When comparing preoperative variables between the 2 groups, we noted that patients who underwent flap reconstruction tended to exhibit dyspnea, have an open/infected wound, and were more likely to receive chemotherapy within 30 days prior to their operation compared to the non-flap reconstruction group. This finding would suggest that patients opting to undergo flap reconstruction are in worse general condition (ie, compromised airway patency) and had attempted organ preservation treatment prior to their operation, which could ultimately impede recovery. Indeed, these factors may indicate the association of an increased incidence of major morbidity and mortality rate in the flap reconstruction group, which also explains higher frequency of return to the OR in order to address resulting complications.
In general, advanced cancer results in higher morbidity and mortality rates because disease necessitates extensive tumor ablation as well as complicated and aggressive operative measures. 27 Since advanced tumor resections are more likely to leave extensive defects, patients with advanced tumor stage are more likely to undergo flap reconstruction. Since advanced tumor resections are more likely to leave extensive defects, patients with advanced tumor stage are more likely to undergo flap reconstruction. The data ascertained in our study suggest that the additional measures involved in flap reconstruction are associated with an increase in major morbidity only. Risk adjustment with logistic regression allowed us to assume that all risk factors were evenly distributed in the 2 cohorts and assured reliability of our findings. Due to limitations of the NSQIP data set, we were unable to incorporate TMN staging, which may have affected the final outcome. Notably, we report that in patients with an identical set of preoperative risk factors, the additional measure of reconstructive procedures increases only major morbidity rate and not mortality rate.
In this study, there was no significant difference in wound complication rate between 2 groups. The most common wound complication following laryngopharyngectomy is pharyngocutaneous fistula. 28 Several studies have focused on whether flap reconstruction reduced the occurrence of pharyngocutaneous fistula formation. 4, 29 Sousa et al reported that the pectoralis major myocutaneous flap reduced the incidence of pharyngocutaneous fistulae compared to the non-reconstruction group (16% vs 58%, P \ .02). 4 This finding was supported by Tsou et al who showed that the radial forearm free flap also lowered the rate of pharyngocutaneous fistulae formation. 29 Although the ACS-NSQIP database enabled us to depict comprehensive postoperative outcomes following laryngopharyngectomy, the information on postoperative fistula formation was incomplete. Thus, we were limited in our ability to make a comparison with previous studies. Ideal circumstances would have allowed confirmation of pharyngocutaneous fistula formation with postoperative ICD-9 diagnosis codes; we were unable to do so as these were absent in a majority (62.4%) of patients. With the 30-day postoperative window available to determine postoperative complications, it is impossible to assess long-term outcomes related to functional results or quality of life. Furthermore, since the codes for reconstructive procedures do not indicate specific flap types, differences in morbidity and mortality based on reconstructive methods could not be evaluated. Other limitations of the data set include the inability to consider TSH level; this is important since many patients are hypothyroid after radiotherapy and/or chemotherapy, which can in turn lead to higher infection and fistula rate. Despite these limitations, the large-scale, multi-institutional nature of the NSQIP database and the standardized nature of data collection and input reduce the extent of observer bias in reporting and recall bias that may occur in retrospective single institution studies while also providing sufficient statistical power for logistic regression analyses that is not always feasible in smaller series.
Conclusions
This study is the first comprehensive analysis of flap reconstruction for laryngopharyngeal defects using the ACS-NSQIP registry. The additional measures involved in flap reconstruction for aerodigestive tract defects are associated with an increase in the incidence of major morbidity, although free flap complication rates are improved over that of pedicled flaps. As such, these data emphasize the need for surgeons to be meticulous in postoperative care of their patients after flap reconstruction following aerodigestive tract resection.
